ABSTRACT
INTRODUCTION
here irrigation is feasible and other strategic crops such as wheat can be grown (Ahmed, 2005; Hussein et al., 2009 and Ahmed et al., 2013) Phosphorus availability in soils can be one of the main factors limiting vegetation growth. Under conditions of limited P, microbes aid in mitigating P losses and increasing P availability. Vegetation clearly affects the microbial community and P cycling (Runyan and D Odorico, 2013) .
The phosphorus content in average soils is about 0.05 % (w/w) of which only 0.1 % is available to plants (Achal et al. 2007) . Nearly 80 % of applied phosphorus may be unavailable to plants (Holford 1997) . Global P fertilizer consumption for 2010 was approximately 37.6 Mt with an annual 3% increase in demand thereafter (Heffer and Prud'homme, 2010) . Reserves of mineable rock phosphate (RP), which provide the base raw material for inorganic fertilizer production, are however relatively small and finite (Cordell and White, 2011) .
The release of P adsorbed on the solid phase of the soil into soil solution is very slow, and consequently, phosphorus fertilizer efficiency remains low in calcareous soil (Delgado et al., 2002) . The reaction of phosphate in soil has an important contribution to crop growth and fertilizer use efficiency (Sushanta et al., 2014) . The availability of P to crops for uptake and utilization is declining in alkaline and calcareous soil due to the decreases of solubility of calcium phosphate minerals (Al Harbi et al., 2013 and Ghafoor, 2016) .
Arbuscular mycorrhizal fungi (AMF) are found among the soil flora and interact with approximately 85% of the plants on the ground (Brachmann and Parniske, 2006) . The association known as arbuscular mycorrhiza (AM) offers benefits such as improvements in the physicochemical conditions of soils, reduced erosion and is a component that must be given due consideration in integrated soil management in order to attain profitable levels of productivity without causing agroecosystem deterioration. it is imperative to further the knowledge that allows application of AMF as one of the fertilization technologies employed as part of the establishment and development of plantations in order to reduce the use of chemically synthesized fertilizers.
AM symbiosis can promote host plant growth by increasing the uptake of mineral nutrition such as P, Zn, and Cu (Javot et al., 2007) . Assessments of spatial and temporal distribution of AM fungi in saline soil show that the abundance of AM fungi is inversely correlated with the level of soil salinity. The number of propagules or the infectivity of fungal isolates decreases with increasing salt (Azcon-Aguilar et al. 2003 and Owen et al., 2015) Bio-resources is much interchangeable and confusing use of terms such as bio-inoculant, biofertilizer and bio-amendment in the literature. Bioresources can be defined as any organic material applied to soil to improve soil quality, nutrient supply and plant growth. Mechanisms of plant growth promotion include hormone production, improved plant nutrition (mainly N and P). Bacteria promote plant growth through the production of a variety of stimulating compounds e.g. hormones, antibiotics and enzymes (Gray and Smith, 2005) . P improvement mechanisms mediated by bacteria include the production of phosphatases (both alkali and acid), siderophores (Franco-Correa et al., 2010) and lowering of soil pH through acid secretion. Organisms that specifically mobilise native and legacy soil P and any insoluble source of P added (e.g. finely ground RP) are generally referred to as phosphatesolubilizing microorganisms . Microbial solubilisation of P is widely thought of as the organic acid theory , in which the two mechanisms of P acquisition involve lowering of pH (directly dissolving mineral P, by proton extrusion) and/or by the release of organic acid anions that exchange for P on soil adsorption sites Zhang et al., 2011) .
Biological processes in the soil, such as microbial activity, tend to control the mineralization and immobilization of organic conversion of the insoluble forms of phosphorus to an accessible form by plants (orthophosphate), which is an important trait of phosphate-solubilizing bacteria (PSB) and arbuscular mycorrhizal fungi (AMF) (Fankem et al. 2006 , Khan et al. 2007 ). In the last few years, the development of microbial inoculum containing phosphate-solubilizing microbes (PSM) gained attention of agriculturists (Fasim et al. 2002) . Application of PSM, either individually or in combined form, remained successful for increasing yield of soybean, maize, wheat, mung bean and chickpea (Hameeda et al. 2008 , Jha et al. 2011 , Singh and Prakash 2012 and Minaxi et al. 2013 . Sharma et al. (2013) observed increased germination, root and shoot length, fresh weight and proline content of chickpea seedlings by Bacillus sp. and Pseudomonas sp. under osmotic potential of up to 0.4 MPa over uninoculated control. The strains were able to produce IAA and showed P solubilizing activity. Elkoca et al. (2010) demonstrated increased P, K and micronutrient in common bean as a result of Bacillus and Azospirillum inoculations. In another study, PGPR showed positive effects on plant growth of chickpea (Roopa et al. 2012) resulting in increased number of nodules, root, shoot growth and yield of plant under stress conditions (Egamberdieva et al. 2014) .
The objective of this study was to investigate the role of Arbuscular Mycorrhizal Fungi and Phosphate Dissolving Bacteria in increasing availability of phosphate for barley grown in calcareous soil. The physical and chemical properties of the soil and irrigation water were determined according to the methods outlined by Page et. al. (1982) and presented in Tables 1 and 2 .
MATERIALS AND METHODS

Two
Inorganic fertilization:
Nitrogen and potassium fertilizers were applied at rates of 167 kg N/ha. as Phosphate fertilizers were applied from two sources mono super phosphate (MSP) (15.5% P 2 O 5 ) and Rock phosphate, at three (50, 75 and 100%) rates of the recommended dose (74 kg P 2 O 5 /ha) of the Ministry of Agriculture and Land Reclamation, and mixed with the soil during land preparation. 
Biofertilization: Separation of Arbuscular Mycorrhizal (VAM):
Different spores of mycorrhizae were isolated from soil pre-inoculated with mycorrhiza (Glomus macrocarpium) by wet-sieving and decantation method described by Gerdeman and Nicolson (1963) . The VAM inocula was mixed with pure sand and kept in the refrigerator to be used in the inoculation.
Isolation of Phosphate dissolving bacteria (PDB):
For isolation of phosphate dissolving bacteria different soil samples were collected from saline soil at different sites of South Sinai. The highest isolate for phosphate solubilization (DeFreitas et al., 1997) were selected for further study. Each isolate was grown on its specific medium containing different sodium chloride concentrations (2, 4, 6, 8 and 10%) , also, at different incubation temperatures (25, 30, 40, 45 and 50°C) and different pH values (5-9) and the growth was measured at 600 nm. Selected PDB isolates were purified and identified according to Bergey´s manual of determinative bacteriology (1994) . The selected isolates (Bacillus megatherium) were subjected to different biochemical tests for screening their hormonal (Rizzolo et al., 1993) and enzymatic activity (Barrow and Veltham, 1993) .
Fresh liquid culture of B. megatherium was used for single inoculation at the rate of 10 8 colony forming unit (cfu)/ml or in combinations with Glomus macrocarpium.
Rhizosphere soil sample were collected at different stages of plant growth and analyzed for: total microbial counts on Bunt and Rovira medium Nautiyal (1999) . PDB counts using Pikovskaya s agar medium (PVK) Goenadi et. al., (2000) . For the determination of phosphatase activity; disodium phenylphosphate served as enzyme substrate ( hlinger, 1996) .
Assessment of VAM infection: The staining method of Phillips and Hayman (1970) was used for preparing root samples for microscopic observation. The gridlines intersect method of Giovannetti and Mossa (1980) was used to estimate the VAM infection percentage, as follows:
Plant samples and Analysis: Plant samples were taken at harvesting from each treatment, washed by tap water then by distilled water (Chapman and Pratt, 1961) , dried at 70 °C, and ground using stainless steel equipment s for the determination of N, P and K as follows: total nitrogen using the micro kjeldahl method (A.O.A.C,1980) , phosphorus, using dry ashing technique according to Cottenie et al. (1982) .
Growth parameters: At heading and harvesting stages, the plants were taken from each plot for estimating plant height, fresh and dry weights.
Yield and yield components: At harvest, one square meter from each plot was taken to determine grains, straw and biological yields.
Statistical analysis: The obtained data were exposed to proper statistical analysis of variance according to Gomez and Gomez (1984) . LSD at 0.05 level of significance was used for the comparison between means.
RESULTS AND DISCUSSION Soil microbial activity: PDB counts: Table 3 clearly showed that there are high variations of PDB counts between all treatments in barley rhizosphere in both the two successive seasons. The highest PDB counts are recorded with mixed treatment and 100% mineral phosphate fertilizer (being 92×10 -2 cfu / g dry soil). In the case of rock phosphate, the highest PDB counts are recorded with mixed treatment and 100% mineral phosphate (being 82×10 -2 cfu / g dry soil). These results agree with those found by Copetta et al. (2006) . Another study showed that the increase of soil phosphorus availability was due to PDB action (Yousufinia et al., 2013) . Phosphatase enzyme: Table ( 3) clearly showed that phosphatase activity recorded significant increase due to mixed biofertilization treatments. Mixed biofertilization treatment with 100% MSP recorded the highest phosphatase activity (being 0.47 and 0.48 mg phenol/g soil/24h) at the first and second growing season, respectively. In the case of rock phosphate, the highest phosphatase activity was recorded with mixed biofertilization and 100% rock phosphate (being 0.41 and 0.44 mg phenol/g soil/24h) at the first and second growing season respectively. George et al. (2002) stated that Phosphatase enzyme is able to mineralize organic phosphate into inorganic phosphates that provides high phosphate availability for plant.
Mycorrhizal infection and number of spores:
The root colonization of barley plants and number of spores / g soil in the rhizosphere soil were affected by microbial inoculation. The percent of root colonization was higher in the barley inoculated with mixed treatments and 75% rock phosphate (46.6 and 44.7 in the two seasons for mycorrhizal infection, 14.7 and 14.6 for number of spores /g soil) compared to noninoculated plants (6.1 and 6.8 in the two seasons for mycorrhizal infection, 9.6 and 9.9 for number of spores /g soil).
Mycorrhizal infection and number of spores were increased under rock phosphate treatments by 33.7 and 27.7% and 5.5 and 3.0% compared to MSP treatments. Bahadori et al. (2013) found that mixed inoculation have positive effect on increasing root colonization and numbers of VAM spores. These results also agree with Garbaye (1994) who reported that bacteria, such as those of genus bacillus, produce phytohormones and cohabit in the rhizosphere with VAM fungi which could stimulate the plant-fungus interaction.
Nutrient concentration:
Table (4) showed that N, P and K percentages in barley grains and straw were markedly influenced by biofertilization treatments, mineral and rock phosphate application. The highest N, P and K concentrations were recorded in mixed biofertilization and MSP at 100% of recommended rate (being 1.66, 0.53 and 0.43% for total N, P and K in grain, respectively at the second season). These results are in agreement with those found by Teakle and Tyerman (2010) . Inoculation with AMF+PDB significantly increased the nitrogen concentration in grain and straw in both seasons compared to other biological treatments. At the same time, N concentration in grain and straw were increased by 8.4, 8.5% and 5.64, 5 .68% in the two seasons, respectively compared to the control treatment. While N concentration was not significantly affected by phosphorus types or dose treatments, the highest significant P concentrations in grain and straw were recorded under MSP, 100% of recommended dose, and VAM+PDB treatments in two seasons. On contrast, K concentration was not significantly affected by application P or biological treatments. Farzaneh et al. (2011) and Wang et. al. (2015) stated that AMF colonize roots of host plants and promote plant growth due to improved uptake of nutrients.
Growth Parameters:
Data illustrated in Table (5) showed a significant difference due to biofertilizers (VAM and PDB), MSP and rock phosphate treatments on the growth parameters of barley plant. Application of MSP fertilizer significantly increase plant height, grain dry weight and straw dry weight per plant and 100 grain weight during both growing seasons by 1.2, 5.2, 1.7 and 5.0% compared to rock phosphate fertilizer treatment, respectively. Simultaneous application of 100% of the recommended dose of P fertilizer produced the highest growth parameters. Dual inoculation with (VAM and) PDB had the highest enhancement effect on the growth parameters and increased significantly the plant height, grain and straw dry weight per plant, 100 grain weight by 7.5, 8.9, 14.8 and 15.8% when compared with uninoculated treatments, respectively. At the same time, single inoculation with (VAM) or (PDB) increased significantly the all plant growth parameters by 5.4 and 5.1%, 6.9 and 6.4%, 13.0 and 11.5%, and 11.2 and 9.1% due to VAM and PDB, respectively as compared to un-inoculated treatments. Shaalan (2005) reported that inoculated seeds with bio-fertilizer such as Azospirillum, Azotobacter and Pseudomonas gave better plant growth due to the increased nutrients uptake by plant. Microbial inoculation also led to improving soil attributes such as organic matter content and increased P content. Zahir et al. (1998) , Shaukat et al. (2006b ), Nourinia et al. (2007 and Xu et al. (2010) reported an increase of plant height of corn and barley by applying VAM, Azotobacter and Pseudomonas. Yield Parameters:
The impact of various treatments on barley yield parameters (grain, straw and biological yield) was shown in Table (6) . Data showed a significant difference for biofertilizers (VAM and PDB), MSP and rock phosphate treatments on the yield parameters of barley plant. Application of MSP fertilizer significantly increase grain, straw and biological yield during both growing seasons by 2.7, 2.1 and 2.3%, respectively compared to rock phosphate fertilizer treatment. At the same time, application of 100% of recommended dose of P fertilizer produce the highest yield parameters. Dual inoculation with VAM and PDB had the highest enhancement effect on yield parameters and increased significantly the grain, straw and biological yield by 13.4, 20.6 and 18.1% when compared with uninoculated treatments. On the other hand, single inoculation with VAM or PDB increased significantly the all yield parameters by 8.9 and 5.5%, 13.4 and 8.2%, and 11.8 and 7.3% for VAM and PDB, respectively as compared to un-inoculated treatments. the microbial inoculation increased plant growth and yield parameters especially in cereals, by producing growth promoting nutrients and improving soil attributes such as organic matter content and increased nutrients content. The obtained results are in agreement with those found by Mousavi and Seghatoleslami (2011) and Rahim et al. (2013) .
Generally, comparing means of biological yield of barley are shown in Fig. (1) . The highest significant biological yield (5.248 t/ha) was obtained with MSP, 75, VAM+PDB treatments while the lowest biological yield (4.153 t/ha) was recorded under RP,50, control. No significant differences of biological yield was observed between each of RP,75, VAM+PDB and MSP, 50, VAM+PDB; MSP, 100, PDB and MSP, 75, VAM; RP, 100, PDB and RP, 100, VAM; MSP, 50, PDB and RP, 50, PDB. Inoculated seeds of barley with VAM or PDB increased the solubility of phosphorus in soil and produced plant promoting materials which lead to increase plant growth and yield parameters. CONCLUSION This study was conducted to investigate the role of microbial inoculation with VAM and PDB on the concentration of N, P and K in barley plants, growth parameters and yield of barley grown in calcareous soil conditions. It can be concluded that application of MSP fertilizer significantly increase grain, straw and biological yield compared to rock phosphate fertilizer. Dual inoculation with VAM and PDB increased significantly nitrogen and phosphorus concentration in grain and straw. Also the plant height, grain and straw dry weight per plant and 100 grain weight and increased significantly the grain, straw and biological yield when compared with un-inoculated treatments. The highest significant biological yield was obtained under MSP, 75, VAM+PDB treatments. Using microbial inoculation would reduce inorganic chemical fertilizers and reduce the environmental pollution, simultaneously, to give a sustainable and productive agricultural system in the long term. (M) = VAM
